Abstract. The depletion of volatiles from the earth's mantle over its history may have had significant effects on thermal convection, due to the effects of volatiles on silicate rheology. Experimental data suggest that the activation energy for solid-state creep in a volatile-free environment is as much as 25% greater than in a volatilerich environment, and thus devolatilization can lead to a substantial increase in viscosity. In a devolatilizing system, gradually increasing temperatures (relative to those in a system with volatile-independent rheology) may be required to maintain moderate viscosities and convection. We investigate this postulated effect by incorporating a time-dependent increase in activation temperature, simulating progressive mantle devolatilization, in a parameterized convection model. Volatiles significantly affect the earth's thermal evolution when the dependence of mantle rheology upon volatile content is sufciently strong, the total volatile loss is sufficiently large, and devolatilization is relatively slow and continuous.
Introduction
The strong temperature dependence of silicate rheology is of critical importance in convective evolution of the mantle, a point emphasized by Tozer [1965; 1972] and presently agreed on by most researchers.
Temperature-dependent viscosity tends to regulate both temperature and viscosity to values just sufficient to remove heat from the mantle via moderate convection.
Another factor which has a strong influence on rheology, and which has been ignored to date in mantle convection models, is the volatile content. The presence of volatiles such as H20 and CO2 may significantly reduce creep strength and melting temperatures in silicates. Progressive devolatilization of the mantle may therefore be accompanied by an evolving rheology with increasing viscosity and less efficient heat transfer. We assess the possible effects of mantle devolatilization on terrestrial thermal evolution, by means of a parameterized convection model with volatile-dependent rheology.
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In numerical convection models, rheology is usually represented as an exponential function of temperature:
•' = •'oexp(E'A/kT) The temporal behavior is controlled by the time constant r. For 0 < r << 1, the activation temperature TA(t) increases rapidly early in earth history, and then gradually approaches TAp, appropriate for efficient early degassing models. Continuous degassing models can be Because we impose the present-day heat loss as a boundary condition on all the models, the Urey ratio is also linearly related to heat production. Figure 2 shows the initial heat production required by the various models. A present-day Urey ratio of 1.0 requires about 25% higher heat production than is needed for a ratio of 0.8 typical of volatileindependent models. Direct geochemical estimates of mantle heat production lack the resolution to discriminate between these cases.
Discussion and Conclusions
Tozer [1972] [Jackson and Pollack, 1984 ] that these upper bounds are sensitive to the K/U ratio in the mantle, and concluded that Urey ratios as high as 0.9 cannot be ruled out. The results we present here suggest that plausible models of devolatilization and rheology require another upward revision of the upper bound on the Urey ratio, even to admitting the possibility that current heat production exceeds the present-day heat loss and therefore the Earth is warming.
